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WINDTUNNELTESTSON A MODELOF A MONOPLANEWING

WITHFLOATINGAILERONS.

ByMontgomeryKn&ht andMillaxdJ. Ba.mber.

.
summary

Thisreportdescribespreliminarywindtunneltestson a

modelof a monoplanewingequippedwithwingtipfloatingail-

erons. Liftanddrag,as wellas rollingandyawingmoments,

weremeasured.Thesetestsarea partof a generalresearch

programon aerodynamicsafetynowinprogressat the.Langley

MemorialAeronauticalLaboratoryandweremadein theFive-

FootAtmosphericWindTunnel.

Therollingmomentswere

attackandtheyawingmoments

roughlyindependentof angleof

weresmall.Withtheailerons

neutraltheminimumdragwasmorethantwicethatof thewing

withoutailerons.l!oresuitableplanformsandprofilesfor

wingandaileronswouldprobablygiveimprovedresults.
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Introduction

Thepreliminarytestsdesczibedin thisreport

determinethelateral,controleffectivenessofwing

weremadeto

tipfloating

aileronswithparticularreferenceto thestalledflightcondi-

tion. Dataon thereductionof wingefficiencycausedby such

aileronswexealsoobtained.

It isgenerallyrecognizedthattheeffectivenessof the

convention&1flaptypeof aileronis impairedwhenan airplane

is stalled.Theavailablerollingmomentis considerablyre-

duced,andin addition,theuseof theaileronsproducesa ltige

4 yawingmomentwhichactssgainstandmay evenexceedtherudder

momentin a turn.
●

Aftermuchexperimentation,theBritishhavedevelopedthe

HandleyPageandFrisetypesof laterslcontrolwhichappear

to giveimprovedcontrollabilityin stalledflight.In the

UnitedStatescomparativelylittlehasbeendoneon thestudy

of thisimportantproblem.Thepresenttestswereamongthe

firstto be madeundera generalresearchprogramon aerodynam-

ic safetywhichis beingcarriedoutat theLsngleyMemorial

AeronauticalLaboratoryin theFive-FootAtmosphericWindTun-

nel (Reference1).

Whiletheideaof thefloatingaileronisnotnew,few

testshavebeenmadeon thedevice(References2 and3) andit

isunderstoodthatonlyoneairplaneusingthistypeof controls

#
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hasbeenflown(Reference4). Althoughthefloatingaileron

appearedtopossesscertaindisadvantages,it wasdeemed.tobe

of sufficienttechnicalinterestto waxrantitsinclusion.in

thetestprogram.

In

surface

principlethis

mountedin the

typeof laterslcontrolconsistsof a

vicinityof eachtiingtip~d balsnced

bothstaticallyandaerodynamicallyabouta lateralaxis,so as

to alignitselfwiththerelativewindwhenthecontrolstick

or wheelis in‘theneutralposition.‘Operationof thelaters3_
.

controlturnsonesurfaceup andtheotherdownwithrespect

A to theneutralpositionanda rollingmomentis thusproduced,

If theinterferenceeffectsbetweenthewingsandthesesur-
.

facesbe neglected,itwillbe seenthatfora givenlateral

settingof thestickor wheeltherollingmomentcoefficient

wil1 be constantandtheyawingWomentwillbe zeroforall

anglesof attack.However,theinterferenceisnotnegligible

andtheseconditionsareonlyapproximatedaswasindicatedby

thefollowingtestresults,wheretheaileronsweremountedat

thetipsof-amonoplanewing.

ApparatusandTests

Thewingmodelwasa rectangularmahoganyairfoilof 30-

inchspan,exclusiveof ailerons,and4.94-inchchordandhad

a symmetricalprofileas showninFigure1, becausethestabil-

ityrequii’er,entsof thefloatingaileronscouldbestbe metby

-—— _
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usingan airfoilhavirgja smallcenterof pressuretravel.The

rectamgul=aileronswezeof pineandeachhada spanof 4 in. .
amdthesaneprofileandchordas thewing. Theywere.sf&ad@d

at thewingtipsso as to forma continuationof thewingand

thegapbetweenwingandaileronwasabout.015in. Thesxis —
of rotationwaslocatedon thechordline1.16in.(23.5per

centchord)backfromtheleadingedge. A steelrod”running

longitu.din&llythroughthewingin a slotconnectedthetwo

aileronswhicliwerea tightturningfitupontherod. Therod

andaileronswerestaticallybalancedandwerefreeto trumas

● ☛
a unitin smallplainbearingsmountedat eachendof thewing.

Thedisplacementof theaileronswithrespectto eachotherwas
.

accomplishedmerelyby holdingoneandtwistingtheotheron

therodto thedesiredangle, 26 .

In Figure2 thewingwithaileronsis shown.rnountedin the

tunnelontherollingandyawingmomentapparatus,andin Figure

3 thisapparatusis shownin greaterdetail.Thearmcarrying —
theprotractorextendedthroughanopeningih thetunnelwall

in orderthatthe-~gleof attackof thewingmightbe changed

withoutshuttingdownthewindandenteringthetunnel. .

Thetestsweremadeat a dynamicpressureof 4.06lb.per

sq.ft.jcorrespondingto u airspeedof about40 m.p.h.,or a

Reynolds10mmberof about148,000.Theycovereda angleof at-

tackrangefrom-2° to 35°andailerondisplwementsngles

5 = O, ~5°, flO”, *15°,andf20°. For 6 = 320°, whenthe .
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sngleof attackwasbrought

withsufficientviolenceto

?

316 5

below15°,theaileronsoscillated

preventreadingof thebalances.

Therewerethreegroupsof testsin whichthefollowing

measurementsweremade:

2. Rollingandyawingmonents.

2. Liftanddrag.

3. Meanfloatingangleof ailerons.

Therollingandyawingmomentsweremeasuredon theappaxa-

tusdescribedabove. Thenetmomentsweretakenas one-half

“thedifferencebetweenthegrossreadingsfortheailerons

turnedfirstin onedirection-andthentheotherwithrespect

to thewing,in orderto eliminate,as faraspossible,theef-

fectsof asymmetryin theapp~-atusandairflow. Thismethod

waspossible,sincethevariationsin the

duringa runwerewithintheeqerimental

Theliftanddragtestsweremadeon

ante.

statictarereadings

error.

theregularwirebal.-

Theanglecbetweentheminddirectiorr.andthemeanposition

of thefloatingaileronswere determinedwiththe

on theforcetestwirebsla,nce.A linewastiawn

oneaileronanda straight-edgecarrying,abubble

modelmounted

on theendof

inclinometer

mountedoutsidethetunnelwasusedto sighton thisreference

linethroughan openingin thetunnelwall.

Sincethetestswereintendedtobe preliminaryinnature,
. greatprecisionwasnotattempted.Theprobableerrorinthe

t
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measurementof rollingandyawingmomentswas*3 per cent,while

forthelift~d dragitwas,ingeneral,within~2 percent.

Theangleof attack~d theailerondisplacementangleswere

accurateto witQim.~.25°andthefloatinganglecouldbe meas-

uredto withinf.3°. In constructionof thewingtheordinate

tolerancewas~.006in.

Results

Theresultsof therollingandyawingmomenttestsarepre-

sentedin TableI andFigures4 and5, in theformof absolute

coefficients.

CL1

and CN

where CL1

%
L!

l!?

q

b

s

L!

‘qim
_N_

= qb6

= rollingmomentcoefficient.

= yawingmomentcoefficient.

= measuredrollingmoment.

* measuredyawingmoment.

= dynamicpressure.
= spanof wingproper

= areaofwingproper

(minusailerons).

(minusailerons).

Theforcetestresultsaregivenin Table11 andFigures

6, j’,8 and9, in theformof thecustomaryabsolutecoeffi+

Cientsof l~f~ CL, anddr~ CD. Thesecoefficients

calculatedon thebasisof theareaof thewingproper

ailerons).

alsoare

(minus
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In Figure10 themeanfloatingangleof theaileronsis

givenforv~ious aileronsettingsandanglesof attack

Discussion

,Theresultsof therollingandyawingmomenttestsas shown

in Figures4 and5 indicatethattherollingmomentis rOughlY .

uniformfora givenailerondisplacement,exceptforlimitedre-

gionsnear16°and35°figle

ductionin rollingmomentis

aileronssetat *15°. Also,

of attackwhere,however,there-

onlyabout30 percentforthe

theyawingmomentsarerelatively

smallandareevennegativeat thelargeranglesof attack.“The

factthattherollingmomentis notexactlyconstantandthe

yawingmomentis notzero,is dueto flowinterferenceeffects

betweentheaileronandthewingtipasmentioned

Figures6 and! indicatethatthedragdueto the

onsat zeroangleof attackis almostdoublethat

hitherto.

neutralsjler-

forthewing

withoutailerons.Thisis a seriouslimitationfromthestand-

pointof aerodynamicefficiency.

Duringthetestsit wasnoticedthatforbothzeroand!5°

ailerondisplacementsthereweretwopositionsatwhichtheail-

eronswouldfloat. InFigures8 and9 aregiventheliftand

dragcurvesfort~ispeculiarcondition.Itwillbe seenthat

theupwardaileronpositionis stablefora smallerangleof at-

tackrangethanthedownward.Forlargerailerondisplacements
● thisdualbmance characteristicdisappears.

.

.
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If thewingwereremovedfrombetweenthetwosymmetrical

profileailerons,it is apparentthattheirmeanfloatingmgle

of attackwouldbe zeroforanydisplacementrelativeto each

other. Tinepresenceof thewing,however,materiallyalters

theflow,andFigure10 is an indicationof thisalteration.

In thisfiguretheanglebetweenthemeanpositionof theailer~

onsandtheairstresmisplottedagainsttheangleof attack

of thewing, Thewingtipvorticesareprobablyresponsiblefor

thenegativefloatingangleof attackof theailerons.In the

vicinityof zerolift (a= O) wherethevorticesareof smaL1.

magnitude,itmightbe expectedthattheaileronswhenneutral
. .

wouldcoincidewiththewing. Actually,however;anunstable

. conditionwasnotedsndtheneutralaileronsassumedfloating

snglesof+16°or-16°,asmentioneda-oove.Thisconditiomis

shownin Figure10 fornegativefloatinganglesonlysincethe

airfoilprofileusedwassymmetrical.,Thessmetendencyexist-
+50edfor b=-, butdisappearedforlargerailerondisplace-

mentsandforanglesof attackabove5°.

Theresultsof thesetestsindicatethatthedesiredlater-

al controlcharacteristics,i.e.,constantrollingmomentand

zeroyawingmomentcoefficientsoanbe approximatedfora mono-

planewingby usingthefloatingwing-tiptypeof aileron.The

testsalsoshowthatthepricepaid,forthisimprovedcontrolla-

bilityis in theformofreducedwingefficiency.In addition, ,-—
, sucha devicewillprobablyhavesomewhatgreaterweightand

.
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complexitythsmtheconventionalailerontypeof control.

“However,in justiceto thefloatingaileron,itmaybe

statedthattherudimentarydesignof themodelusedin these

testswasnotfavorableto thebestresults.Thesymmetrical

airfoilsectiomhada rathersharplypeakedliftcurvewhich

probablyaccountsfortheabruptdecceasesin rollingandyawing

momentsin thevicinityof theangleof maximumlift“asshown

in l?igure4. Moreover,the~ectangularformof bothwingand

aileronsproducedhightiploadsandlargedownwashmgles at

thetipswhichprobablywerelargelyresponsibleforaileron
1

instabilityandthelarge

efficiencyanduniformity

expectedif careis taken

aroundwingandailerons,

by a judiciousshapingof

interferences.Improvementsin the 1 _

of operatiomof suchaileronsmaybe

to reduceinterferenceof theflows

andthismaybe donein largemeasure

theendsof bothwingandailerons.

Concl

1. Thewingtipfloating

us ions

aileronsas testedproducedroll-

ingmomentsthatwereroughlyindependentof angleof attack

exceptneaxtheangleofmaximumliftwhere,howevet,thereduc-

tionwasnotgreat.

2* Theyawingmozuentswererelativelysmallin allcases

andwerenegativeat thelargeranglesof attack.

3* Theminimumdragof thewingwith@erons neutralwas
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morethantwicethatof thewingwithoutailerons.

4. Reductionof interferencesbetweenwingtipandaileron

by theuseof moresuitableplanformsandprofilesmayimprove

therathererraticbehaviorof thefloatingaileronsas evi-

dencedin thesetests,andmay alsoincreasetheefficiency

of thecombination.

Langley$emorialAeronauticalLaboratory,
NatzonalAdvisoryCommitteeforAeronautics,

LangleyField,Vs.,July16,1929.

Re f er enc e s

1. Reid,ElliottG. :

2. Bradfield,F. B.
snd ●

●

Simmonds,O. E.

3. Bradfield,F. B.
and s8.“

Peatfield,I,oL.

4. Hill,CaptainG. T.R. :

StandardizationTestsof N.A.C.A.
No.1 WindTunnel.N.A.C.A.
TechnicalReportNo.195 (1924).

RollingandYawingMomentsDue-to
Rollof ModelAvroWingswith
Stand=dandInterplaneAilerons
andRudderMomentsforStandard
andSpecialL~ge Rudder.British
AeronauticalResearchCommittee
ReportsandMemorsndaNo.848(1922;

LateralControlatLowSpeeds.
BritishAeroanuticalResearchCom-
mitteeRe ortsandMemorandaNo.

7~1~ (1920.

TheTaillessAeroplane.Journsll
of theRoyalAeronauticalSociety,
No.189 (September,1926).

.

.“



.

N.A.C.A.TechnicalNoteNo.316 11
.

.
TABLEI..

Rolli~ andYawingMomentCoefficients

ReynoldsNumber= 148,000 - q = 4.06lb.-persq.ft. -

Degrees

o

5

10

12

14

15

17

18

20

22

25

30

35

~,

● 0358

● 0391

.0388

.0378

.0346

.0330

●0202

.0321

.0359

.0370

.0348

.02~8

● 0115

.0122

● 0119

● 0105

.0078

.0034

.0035

● 0033

.0018

-.0002

-.0024

-.0042

c!~f

.0721

.0734

● 0705

● 068~

.0634

.0549

.0485

.0626

.0689

.06~1

.0620

.0529

~N

● 0049

● 0091

.0108

.0108

● oo6y

60035

.0055

.0062

s0040

.0011

.,0018

-*0059

.1060

.1098

.1030

.0998

● oy30

.0751

.oy~o

.0958

●0950

.0926

.08~3

.0778

CN

● 0015

.0074

.0081

.0064

.0055

.0088

*0100

● Ooyo

.0056

.0040

.0006

-.0030

CL1

.0952

.1033

●1006

,11~~

.1160

● 1093.

.1011

CN

● 0051

.0050

.Oloy

●0091

● 0066

.0031

“.0009

.

.

— — ——
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TABLEII.

LiftandDragCoefficients

ReynoldsNumber= 148,000 q = 4.06lb.mer sq.ft. .

Degrees

.

No ailerons I 6 = 00

:.143
-.015
.168
.422
.745
.?78
.841
.773
●737
.629
.591
.590
.588
.600
.621
●686
.355

a
:
+
}+

●017
.015
.016
.027
.057
.06~
●078
.126
.159
.206
.244
.262

.376

.#2

.622

CL
-.356
-.200
-.026
.269
.699
.252
.788
.755
.y12
.585
.543
● 553
.643
.648
.678
.752
.763

=.235
+.062
.240
●397
.686

●047
*o@
● 043
.054
.084
.092
●102
.144
.179
.2“~5
.260
.278
.2~8
.302
.401
.518
.616

.050

.040

.03’7

.036

.042

-i396
-022?
=.051
+.244
.669
.746
.?87
.747
.729
.~28
,605
.604
.602
.604
.639”
.723
.?46

z:216
+.071
.239
.401
.6~4

●048
.04y
.052
.061
.088
.094
●101
.149
.180
.224
.260
.278
.294
.315
.394
.515
:634

.058

.048

.045

.043
● 044
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TABLEII (Cont.)

LiftandDragCoefficients

ReynoldsNumber= 148,000 q = 4.06lb.per sq.ft.-.

Degrees

-.ly3
-.011
+.144
.392
.743
.77’7
● 795
.780
.743
.639
.570
● 577
.568
.578
.623
.694
.734

CD [ .CL
.033
●031
.033
.045
.083
.093
.102
.157
●183
.234
.271
.288
:305
.320
.413
.530
.644

-.214
-.047
+.139

● 400
.725
.748
.789
.?55
.695
.646
.597
● 576
.567
.572
.620
.688
.~zo

Unstable

.045

.044

.046

.060

.096
●loy
.118
●179
.205
.249
.288
● 309
.327
● 343
● 430
.540
.656

13

(
r
$

—1
4—,
J
*

● 5;5
.559
.558
.567
.566
.613
.684
.~zl

CD

.2;0

.315

.337

.353

.369

.455

.566
●6~6

●

✎
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. Aileron2xisposition.

Fig.1
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Fig.1Symmetricalairfoilprofile.
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A@o of attack of airfoil, CL

Fig.10 Aileron floating angles vs angle of attack.
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